Introduction {#s1}
============

Chronic interstitial lung diseases (ILDs) are one of the most common complications in patients with lung cancer \[[@C1]--[@C5]\]. To date, however, there is no consensus regarding optimal treatment strategies for this condition. This is because interventions such as surgical resection, radiotherapy and chemotherapy often trigger fatal deterioration of chronic ILDs, so called acute exacerbation (AEx), in lung cancer patients with ILDs. Pre-existing ILDs are associated with a high risk of acute respiratory failure induced by various anticancer agents. A large cohort study of gefitinib, an epidermal growth factor receptor tyrosine kinase inhibitor (EGFR-TKI), demonstrated that a predisposing background of pre-existing interstitial pneumonias was an independent risk factor for developing acute ILDs; this was true not only in the gefitinib cohort, but also in the control cohort in which patients were treated with conventional chemotherapies \[[@C6]\]. Moreover, AEx of ILDs and severe drug-induced ILDs are more often associated with Japanese populations than with other races. However, the clinical features of AEx triggered by chemotherapy in Japanese lung cancer patients await clarification because only retrospective studies with small sample sizes from single institutions have been performed. Therefore, a large-scale nationwide surveillance for Japanese lung cancer with ILDs is necessary.

At the initiative of the Diffuse Lung Diseases Research Group (DLDRG), organised by the Japanese Ministry of Health, Labour and Welfare, we conducted a preliminary investigation using a simple questionnaire for institutions participating in the DLDRG. This initial surveillance aimed to elucidate the exact incidence of AEx in patients with idiopathic interstitial pneumonias (IIPs) and the trends in the choice of chemotherapy regimen. Individuals with IIPs represent a clinically important subgroup within the spectrum of ILDs. Furthermore, to determine the most appropriate treatment strategy for advanced lung cancer with IIP, we conducted a large-scale multi-institutional retrospective study for patients who received second-line chemotherapy.

Methods and patients {#s2}
====================

Study design and patients {#s2a}
-------------------------

The initial surveillance was requested in July 2009 for institutes participating in the DLDRG. The inclusion criteria were 1) pathologically diagnosed primary lung cancer that was unsuitable for surgery or thoracic radiotherapy because of the disease stage or IIP status; 2) clinically and/or pathologically confirmed IIPs; and 3) chemotherapy history, including molecular targeted therapy. The purposes were to elucidate the incidence of first-line chemotherapy-related AEx of IIP and incidences associated with each regimen in Japanese lung cancer patients. Information was obtained for 396 patients between January 1990 and July 2009 at 19 institutions throughout Japan.

Consecutively, a more detailed large-scale multi-institutional retrospective study that incorporated the results of the initial surveillance was conducted in March 2012. This subsequent retrospective study sourced data from the same institutes, and focused on data from lung cancer patients with IIPs who had received second-line chemotherapy between April 2002 and March 2012. The purpose of this study was to elucidate the overall incidence of second-line chemotherapy-related AEx, as well as the incidence associated with each individual treatment regimen; the response rate of second-line chemotherapy and survival time from first- and second-line treatment for each of small cell lung cancer (SCLC) and nonsmall cell lung cancer (NSCLC) were also determined. The medical records of patients were reviewed for age, sex, histology of lung cancer, pathologically or radiologically type of IIP, chemotherapy regimen of each treatment line, chemotherapy-related AEx, the date of start at first- and second-line chemotherapy, outcome, and final survival date. Clinical information for 278 patients at 17 institutions was collated in our department: the data from 180 of these patients were sufficiently rich that a full evaluation, including survival analysis, could be run. The Ethics Committee of the Nippon Medical School approved the study protocol (approval number 28-05-583).

Diagnosis of IIPs {#s2b}
-----------------

Based on the combination of clinical and histological findings, diagnosis of IIPs was confirmed in accordance with the criteria proposed by the American Thoracic Society/European Respiratory Society/Japanese Respiratory Society/Latin American Thoracic Association statement that was published in 2011 \[[@C7]\]. The cases were categorised into two groups based on the type of IIP: usual interstitial pneumonia (UIP) pattern and non-UIP pattern. The UIP pattern consisted of patients with histologically confirmed disease following open-lung biopsy. In the absence of histological evidence, according to the American Thoracic Society/European Respiratory Society/Japanese Respiratory Society/Latin American Thoracic Association criteria, chest high-resolution computed tomography (CT) appearance of definite UIP was defined according to the presence of all four of the following features: 1) subpleural, basal predominance; 2) reticular abnormality; 3) honeycombing with or without traction bronchiectasis; and 4) absence of features listed as "inconsistent with UIP pattern", such as upper or mid-lung predominance, peribronchovascular predominance, extensive ground-glass abnormality, profuse micronodules, discrete cysts, diffuse mosaic attenuation/air trapping, and consolidation in a bronchopulmonary segment or lobe. A non-UIP pattern was classed as any other set of clinical features that did not fall into the categories described above.

Definition of chemotherapy-related AEx of IIPs {#s2c}
----------------------------------------------

Diagnosis of AEx of IIPs was defined when all of the following criteria were satisfied: 1) an unexplained worsening of dyspnoea within 1 month; 2) evidence of hypoxaemia as defined by worsened or severely impaired gas exchange; 3) new radiographic alveolar infiltrates; and 4) an absence of an alternative explanation, such as infection, pulmonary embolism, pneumothorax, or heart failure. These criteria followed the guideline of IIPs for diagnosis and treatment by the Japanese Respiratory Society in 2004 based on the report of K[ondoh]{.smallcaps} and colleagues \[[@C8], [@C9]\]. AEx can occur at any point in the course of IIPs; however, based on our previous retrospective study \[[@C10]\], an AEx occurring within 10 weeks of the final chemotherapy treatment was considered as being related to that chemotherapy.

Statistical analysis {#s2d}
--------------------

Overall survival was measured as the period from the start of first- and second-line chemotherapy until death by all causes. Median survival time (MST) was analysed using the Kaplan--Meier method. Odds ratios to assess the relative risk of AEx were calculated using logistic regression analysis. We conducted statistical analyses using JMP 11 software (SAS Institute, Gary, NC, USA).

Results {#s3}
=======

First-line chemotherapy for lung cancer with IIP {#s3a}
------------------------------------------------

The chemotherapy regimens of first-line chemotherapy and the incidence of chemotherapy-related AEx-IIPs of each regimen are shown in [table 1](#TB1){ref-type="table"}. The most frequently selected regimen was carboplatin (CBDCA) plus paclitaxel (TXL) (CP) for NSCLC, which was used in 140 patients (35.4%). Platinum agents plus etoposide (ETP) was the regimen used to treat 120 SCLC patients (30.1%). This surveillance revealed that these two regimens are the most widely used first-line chemotherapies for this condition in Japan. Furthermore, these regimens were associated with a lower incidence of AEx-IIPs compared to other regimens. The incidence of AEx was 13.1% regardless of regimens. The lowest incidence of AEx was 3.7% in CBDCA plus ETP (CE), followed by 8.6% in CP and 10.5% in cisplatin (CDDP) plus ETP (PE) with a low incidence of AEx. Conversely, regimens associated with a relatively high incidence of AEx were CDDP plus vinorelbine (22.2%), vinorelbine alone (26.7%), CDDP plus tegafur-uracil (UFT) (29.4%), CBDCA plus docetaxel (DTX) (66.7%) and gefitinib (87.3%). The incidence of AEx-IIPs for each suspected cytotoxic agent is shown in [table 2](#TB2){ref-type="table"}. In combination chemotherapy, it is not possible to determine which agent causes the acute exacerbation, so all administered drugs were considered as potential AEx-inducing agents. The risk of AEx was less in platinum-based combination chemotherapies *versus* nonplatinum-based agents, and CBDCA was associated with a lower risk of AEx when compared to CDDP. Among nonplatinum agents, second-generation agents excluding UFT tended to be associated with a lower risk of AEx than third-generation agents. Moreover, the EGFR-TKI gefitinib was associated with the highest risk of AEx-IIPs.

###### 

The incidence of acute exacerbation (AEx) of idiopathic interstitial pneumonias related to each first-line chemotherapy regimen

  **Regimen**                    **Patients**    **AEx**
  ----------------------------- -------------- ------------
  **Carboplatin+paclitaxel**     140 (35.4%)    12 (8.6%)
  **Carboplatin+etoposide**       82 (20.7%)     3 (3.7%)
  **Cisplatin+etoposide**         38 (9.6%)     4 (10.5%)
  **Vinorelbine**                 30 (7.6%)     8 (26.7%)
  **Cisplatin+UFT**               17 (4.3%)     5 (29.4%)
  **Carboplatin+vinorelbine**     10 (2.5%)       0 (0%)
  **Cisplatin+vinorelbine**        9 (2.3%)     2 (22.2%)
  **Docetaxel**                    7 (1.8%)     1 (14.3%)
  **Carboplatin+docetaxel**        6 (1.5%)     4 (66.7%)
  **Cisplatin+docetaxel**          6 (1.5%)      1 (1.7%)
  **Gefitinib**                    6 (1.5%)     5 (83.3%)
  **Others**                          51        10 (19.6%)
  **Total**                          396        52 (13.1%)

UFT: tegafur-uracil.

###### 

The association between acute exacerbation (AEx) of idiopathic interstitial pneumonias and each suspected cytotoxic agent

  **Agents**                        **Patients**    **AEx**
  -------------------------------- -------------- ------------
  **Cisplatin**                          91        15 (16.5%)
  **Carboplatin**                       250        20 (8.0%)
  **Etoposide**                         124         7 (5.6%)
  **Paclitaxel**                        146        18 (12.3%)
  **Vinorelbine**                        51        10 (19.6%)
  **Docetaxel**                          19        6 (31.6%)
  **Gemcitabine**                        6         1 (16.7%)
  **Vindesine**                          17         1 (5.9%)
  **UFT**                                17        5 (29.4%)
   Platinum-based regimen               341        35 (10.3%)
   Nonplatinum-based regimen^\#^         49        13 (26.5%)

UFT: tegafur-uracil. ^\#^: gefitinib was excluded.

Patients who underwent second-line chemotherapy {#s3b}
-----------------------------------------------

The characteristics of 278 patients with recurrent lung cancer with IIPs in a multi-institutional retrospective study are summarised in [table 3](#TB3){ref-type="table"}. All patients were Japanese, including 239 males (86%) with a median age of 69 years (range; 38--85). Of the 249 patients with a specific type of IIPs, 146 patients (58.6%) exhibited a UIP pattern.

###### 

Patient characteristics of the analysis of second-line chemotherapy

                                 **AEAS^\#^**   **SAS^\#^**
  ------------------------------ -------------- -------------
  **Subjects**                   278            180
  **Age years median (range)**   69 (38--85)    69 (38--83)
  **Sex**                                       
   Male                          239 (86.0%)    154 (85.6%)
   Female                        39 (14.0%)     26 (14.4%)
  **Histology**                                 
   AdC                           101 (36.3%)    70 (38.9%)
   SqCC                          70 (25.2%)     51 (28.3%)
   AdSqC                         1 (0.4%)       1 (0.6%)
   NSCLC (NOS)                   32 (11.5%)     14 (7.8%)
   SmCC                          74 (26.6%)     44 (24.4%)
  **Pattern of IIPs**                           
   UIP                           146 (52.5%)    89 (49.4%)
   Non-UIP                       103 (37.1%)    66 (36.7%)
   Unclassified                  29 (10.4%)     25 (13.9%)

AEAS: acute exacerbation analysis set; SAS: survival analysis set; AdC: adenocarcinoma; SqCC: squamous cell carcinoma; AdSqC: adenosquamous carcinoma; NSCLC: nonsmall cell lung cancer; NOS: not otherwise specified; SmCC: small cell carcinoma; IIP: idiopathic interstitial pneumonia; UIP: usual interstitial pneumonia. ^\#^: AEAS was evaluated for acute exacerbation and objective response by second-line chemotherapy; SAS consisted of patients for which analysable survival information could be obtained.

In the trend of second-line chemotherapy, DTX alone was the most frequently selected modality (25.9%). CP was selected in 11.1% of patient for both NSCLC and SCLC patients. A wide variety of regimens have been selected as second-line chemotherapies for lung cancer with IIP ([table 4](#TB4){ref-type="table"}). Therefore, there was no bias toward specific regimens in this patient subset.

###### 

The incidence of acute exacerbation (AEx) of idiopathic interstitial pneumonias related to each second-line chemotherapy regimen

  **Regimen**                   **Patients**    **AEx**
  ---------------------------- -------------- ------------
  **Docetaxel**                  72 (25.9%)    11 (15.3%)
  **Carboplatin+paclitaxel**     31 (11.1%)     3 (9.7%)
  **Vinorelbine**                24 (8.6%)      6 (25%)
  **Pemetrexed**                 21 (7.6%)     6 (28.6%)
  **Amrubicin**                  18 (6.5%)     6 (33.3%)
  **S-1**                        14 (5.3%)       0 (0%)
  **Nogitecan**                  13 (4.9%)     3 (23.1%)
  **Carboplatin+etoposide**      15 (5.4%)       0 (0%)
  **EGFR-TKIs**                   9 (3.2%)     4 (44.4%)
  **Paclitaxel**                  7 (2.5%)     1 (14.3%)
  **Cisplatin+vinorelbine**       6 (2.2%)       0 (0%)
  **Irinotecan**                  6 (2.2%)       0 (0%)
  **Others**                         42        5 (12.5%)
  **Total**                         278        45 (16.2%)

EGFR-TKI: epidermal growth factor receptor tyrosine kinase inhibitor.

The incidence of AEx and efficacy by second-line chemotherapy {#s3c}
-------------------------------------------------------------

The incidences of AEx related to second-line chemotherapy and each regimen are summarised in [table 4](#TB4){ref-type="table"}. Regardless of chemotherapy regimen, the incidence of AEx was 16.2%. The incidences of AEx related to DTX, pemetrexed (PEM) and S-1, as standard second-line treatments for NSCLC, were 15.3%, 33.3% and 0%, respectively. The incidences of AEx related to nogitecan (TOP) and amrubicin, as standard regimens for SCLC, and CE including re-challenge were 23.1%, 33.3% and 0%, respectively. We infer that CE and CP tend to be associated with a low risk of AEx in the second-line setting. EGFR-TKIs also engendered a high risk of AEx (44.4%). No clinical category, including sex, age and pattern of IIPs was significantly correlated with development of chemotherapy-induced AEx.

The objective response rate (ORR) was 7.4% in the patients with NSCLC, and 25.7% in the patients with SCLC ([table 5](#TB5){ref-type="table"}). The MST from the first day of treatment to second-line chemotherapy was 8.0 months among 127 patients with NSCLC and 8.7 months among 43 patients with SCLC ([figure 1a](#F1){ref-type="fig"}). MST from the first day of treatment to first-line chemotherapy was 14.3 months among 136 patients with NSCLC and 16.0 months among 44 patients with SCLC ([figure 1b](#F1){ref-type="fig"}). There was no significant difference for characteristics between patients who performed AEx analysis and survival analysis.

###### 

The response to second-line chemotherapy

                                                     **NSCLC**           **SCLC**
  -------------------------------------------------- ------------------- -------------------
  **Subjects**                                       204                 74
  **Number of cycles median (range)**                3 (1--22)           3 (1--6)
  **Response**                                                           
   CR                                                0                   1
   PR                                                15                  18
   SD                                                68                  17
   PD                                                83                  23
   NE                                                38                  15
  **Overall response rate n**                        15                  19
   % (95% CI)                                        7.4 (3.8--10.9)     25.7 (15.7--38.8)
  **Disease control rate n**                         83                  36
   % (95% CI)                                        40.7 (33.9--49.6)   48.6 (34.6--60.9)
  **Introduction rate of third-line chemotherapy**   46.6%               44.6%

NSCLC: nonsmall cell lung cancer; SCLC: small cell lung cancer; CR: complete response; PR: partial response; SD: stable disease; PD: progressive disease; NE: not evaluated.

![Overall survival (OS) a and b) from second-line chemotherapy and c and d) from first-line chemotherapy of a and c) nonsmall cell lung cancer (NSCLC) and b and d) small cell lung cancer (SCLC), respectively. MST: median survival time.](00184-2019.01){#F1}

Discussion {#s4}
==========

This study is the only large-scale multi-institutional study to analyse the correlation between AEx-IIPs and chemotherapy in advanced lung cancer with IIP. The results of this study have already been published in Japan in 2010, 2012 and 2013. Therefore, our findings have been reflected in clinical practice and have had a strong influence on the design of prospective clinical trials thereafter. Whether chemotherapy for incurable lung cancer patients complicated with ILD is beneficial or harmful has not been elucidated. It is clear that chemotherapy-induced fatal respiratory failure is more frequent in lung cancer patients with chronic ILDs than in those without ILDs. Nevertheless, these patients cannot avoid the risk of AEx without receiving anticancer treatment. Outside of oncology, AEx is also a serious problem in patients who develop chronic ILD. In particular, with Japanese patients with idiopathic pulmonary fibrosis (IPF), AEx manifests frequently during its clinical course and is one of the major causes of mortality \[[@C11]\]. Furthermore, randomised phase II and phase III studies of pirfenidone for IPF in Japan have reported that the incidence of AEx in the placebo groups were 13.9% over 9 months and 4.8% over 12 months, respectively \[[@C12], [@C13]\]. R[icheldi]{.smallcaps} *et al.* \[[@C14]\] reported that the incidence of adjudicated AEx was 5.4% and the incidence of investigator-reported AEx in Japanese patients was 12% in the placebo group during the 52-week observation period of the INPULSIS-1 and -2 nintedanib studies \[[@C15]\]. Additionally, manifestation of AEx with varying frequencies has been confirmed in ILDs other than IPF, such as nonspecific interstitial pneumonia and collagen-vascular-disease-associated interstitial pneumonia \[[@C16], [@C17]\].

The definition of AEx has evolved over time. Therefore, there are slight discrepancies between the international definition and the definition used in this study, because the 2007 definition of AEx proposed by C[ollard]{.smallcaps} *et al.* \[[@C18]\] does not include hypoxaemia as a required criterion. However, in practice the discrepancies that arise due to these differences are minimal, because almost all patients with AEx had hypoxaemia. An international consensus on the definition of AEx of IPF was established in 2016 \[[@C19]\].

In early 1990, combination regimens containing second-generation cytotoxic agents, such as platinum-based chemotherapy, were already used in clinical practice in Japan. Considering that the older regimens may be safer than regimens containing third-generation cytotoxic agents, we have also included cases who received chemotherapy in the early 1990s in this initial surveillance. Consequently, excluding regimens containing etoposide, only a small number of patients received regimens without third-generation agents. Therefore, we limited our subsequent retrospective study to cases treated after the launch of third-generation drugs and EGFR-TKIs.

Our findings from the initial surveillance show that the risk of AEx is approximately 13%. However, the incidence of fatal acute respiratory failure induced by chemotherapy was markedly higher in lung cancer patients with IIP than in those without ILD. This incidence was similar that reported in past studies (approximately 10%, range 0--27%), although the aetiology of ILDs was not taken into account previously. Moreover, our findings showed that choice of treatment regimen has an impact on AEx incidence. In particular, two CBDCA-based regimens, which are part of the TXL and ETP combinations, have been widely used as first-line chemotherapy throughout Japan; our findings suggested that both regimens were less risky when compared to other chemotherapeutic options. The incidences of AEx-ILDs in past studies were 6--12% in CP-treated patients \[[@C20]--[@C24]\] and 12--16% in patients treated with platinum-based agents plus ETP \[[@C24]--[@C27]\]. These data are similar to our current results (8.6% and 5.8%, respectively). The initial surveillance was a simple evaluation of a retrospective study. Therefore, differences in patient backgrounds, such as an uneven ratio of UIP *versus* non-UIP patterns on high-resolution CT (HRCT) scan, could provide potential study limitations. The presence of the UIP pattern on an HRCT scan is a factor associated with susceptibility to AEx-IIPs. However, classification by IIP pattern on an HRCT scan can be complicated due to inconsistencies among radiologists and/or pulmonologists. In this study, the HRCT scan findings of all cases excluding histologically confirmed cases could not be centrally reviewed by the same core group of radiologists. Thus, the IIP pattern in this study reflects the decisions made by individual investigators. Because this compromised the reliability of the IIP pattern, we did not stratify AEx risk according to this characteristic. Nevertheless, this initial surveillance may have revealed the incidence of chemotherapy-induced AEx-IIPs in the community practice setting, and identified the trends of regimen selection in first-line chemotherapy for this study population. Regarding the efficacy of first-line chemotherapy for lung cancer with ILD among previous studies, the ORR and progression-free survival were approximately 40% (range: 27--61%) and about 5 months (range: 3.7--7.2 months) in NSCLC \[[@C20]--[@C24], [@C28]--[@C32]\], 70% (range: 69--88%) and about 5 months (range: 4.4--5-5 months) in SCLC \[[@C24]--[@C27]\], respectively. These results are comparable to those in NSCLC and in SCLC without ILD. The MST is often reported as 7 to 16 months in NSCLC \[[@C20]--[@C24], [@C28]--[@C32]\] and from 9 to 10 months in SCLC \[[@C25]--[@C27]\]; these MST values are poor compared with the results of large-scale clinical trials for chemotherapy-naïve advanced NSCLC and SCLC. However, the prognosis of those with ILD seemed better than those without this complication who were given best supportive care only. From the perspective of safety and efficacy, we conclude that the risks associated with chemotherapy for this study population are acceptable.

Our findings from the subsequent multi-institutional retrospective study show that the incidence of second-line-chemotherapy-induced AEx was 16.2%. Furthermore, survival analysis revealed that the MSTs from second-line and first-line treatment were 8.6 and 15.7 months for NSCLC patients, and 9.0 and 17.3 months for SCLC patients, respectively. These encouraging results suggest that second-line treatment may contribute to improve the prognosis of individuals with this condition. This study shows that DTX, PEM, TOP and amrubicin lead to chemotherapy-induced AEx, and suggests that S-1 alone, which is one of the standard second-line treatments for NSCLC, is associated with a lower risk of AEx-IIPs. Various anticancer agents have been tried in the second-line setting; DTX and PEM are predominant for NSCLC, whereas TOP is more frequently used for SCLC. The incidences of AEx reported in these studies range from 12% to 22% \[[@C33]--[@C37]\]. Together, our current report and previous studies suggest that second-line chemotherapy should be considered for use in patients who meet the standard second-line chemotherapy criteria for lung cancer patients without IIP and have not experienced acute exacerbation during previous chemotherapy.

Conclusions {#s4a}
-----------

In lung cancer with IIP, the findings of this initial surveillance suggested that combination chemotherapies of platinum agents plus ETP and CP in the first-line setting are associated with an acceptable incidence of AEx-IIPs. We suggest that these combination chemotherapies are candidate standard first-line treatments for advanced or metastatic NSCLC and SCLC with ILD. Moreover, lung cancer patients with IIP who have received second-line chemotherapy have favourable survival rates when compared with those who have received best supportive care only. Furthermore, this retrospective study showed that second-line chemotherapy is associated with ORR and progression-free survival equivalent to those without ILD. Second-line chemotherapy should be considered in lung cancer patients with IIP who remain fit to receive it after the initial chemotherapy. Research to identify risk factors for AEx-IIPs induced by chemotherapy together with prospective studies using specific regimens to evaluate feasibility of first- and second-line chemotherapy are now required to establish the appropriate treatment strategy for this patient population.
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